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This approacb to d y n d  beme analysia L a qualitative one. It  b i n d  with the noise inherent in aecDy)r an( 
Abstract 
c sampling and digitir- 
computes relative d e p t h  wing very general rub. The depthr c.hr- 
l a d  w qurlitstive in the aenae that  tbe only information o b h n e d  a 
which  objat u in front of vbicb othen. The motion m quditatlrc in 
the y n y  that the only required motion data  b rbetber obiecu are j 
I ing pm-, Muu that  algorithm pnwiding quantitative solution 
-ill be inbwently T- rnaitive to noise. 
Abng mth the growing i n k r a t  in dynamic ma, tbe relliz, 
tion that mpnwing ucuracy in a highly restricted set of f e a t u r a  
movmg toward or away from the camera. Ffe-nmg. rhicb taka 
inm account the tcmporal cburvkr  of the  data and the xene. m 
quaharive Thlr approach to dyn- scene analyam can tolerate 
imprecise d u a  because UI dynuruc r e n a  the data are redundant. 
for qualitative vision 
?roach. An i p p 4  to solvm5 this problem d nodel-fitting under 
3owc is given by Brooks 'E!. In thL work, he hm the 3roblem of 
3nkn-n :ransfornu Sctmn model and imyr; to solve thm pro& 
:em he uss a constraint manipulation package a h i t  the nurcbs 
Serwwn image and model and hyporhaize other rnatchrr COML~IIC 
with the constraint.. me rruufona are iruluily under-spec&&. 
then increrangly constrained. 
i m t  u the &us an smg;e irame rauysu. E u i y  :eeeucnen hit m u  
it WY n e c o u y  to fimt orm frame. and only then examine 
the rubaquent  frame. This u a sknk s p p d  b u r  it am& 
4 t empody  chanqng x e n a  (i.e., ch ing  Ih pktura and m-1, 
lnduding mnt scenes dinterat .  Tbercoad .pprouh w M  h u  d i  
q p o i n k d  3 the careful computation of n u m m a l  featura  II) a data 
driven mumer. Exampla are 3-D paitmu d feature pomu o& 
*&ed v u  uructure-fron+motmn or of mrfu. ~ w m h  from opcr~d 
3 a ,  shrpe from & d i n g ,  or .zxture. motion puuneten: v,.v,. w,. 
and optimnatian of objcctire funcbotu (lor citauons deunbmg t b a  
mriolu a p p m u h a  see: I ! .  :20!, :?4l, :3?). Mat rely oo M irt 
verse transformation, from two dimnshcu to t h m .  and t b u .  c o m  
-0 s fproache  fave proven to be p8mcuhdy mtnctive. 
. .  
docr not puticululy belp the interpreution p- womc vision rn 
rrrrbers :SI u e  being d r a m  to tbe q u d i t u i r e  approuba being 
u r d  for torm~ll setme reuoning. nuve physia md circuit roaly- 
ru  IS]. [It!. The ruwmm for this u e  that  qurliwtive approrchs 
r b o r  that it b pcaibk to obtain urfu l  resultr when miring prob- 
lem with uncertain, approximate or only signs of parunckrs. Tb. 
r e p r a c n ~ r o n r  of the problem domunr w an attempt to capture 
tba fund-lri nature of the eyskrn, rb i le  avoiding the compkxity 
of d y n e  q u a t i o ~ .  Currently. mucb of the rork  done in qudi- 
tatire p b p i a  involra  determining appropriate - and rymbob 
a d  an underatanding of the nature of a t a t e  Ehregt. Another im 
portant oomponent L a simulation p r a m ,  wbkh dm one ta gcc 
A g r u p  00 uuul i ty .  The q u a l i t d m  approaches rbur far utemprcd 
in AI have generally included thin@ like signs of 6erirat i ra  [o( [I& 
or tr.nsllioa, [IO!. Computer virion u rl.0 a tatbed where consib 
erable inkiligence D required. h n b e r .  the d a u  :n computer T- 
are d w a p  noby, frequently redundant, urd often &ding. 
Anotbm a p p d  for handling the mise for t a r o m u p  p~ 
baring support from biobgiul  TUYM systenu, 1. (0 u e  4 rUiety d 
window suss or collation d b m d - p u r d  -a. Larger sized 
operaton my om a gr-rrrcr uea. and thus for r e m a b l y  wen 
behaved JOY. the nok h u  la effect on the -It. L'nfortunately, 
the l u g a  the window. the umre liiely it L computing a amgle rault 
over t ro or more diaerent pixel -rcr populationr. Some raucben 
hare prupaed uaing a net of different windor  ~ltc., large onem fa 
large mcak and perhapa low contrmt c b m g a  d d k r  ooem fa 
more l o o l  c b ~ g ~  '171. tbe rrL r p v c  m a con1111uop. very00  d 
;hi. $!. :t is nos cku bow LO combme informurra L m w g  t h a  
many ch-l, partly becaw tb. cbrrmela are h g  urd fw trp 
llBerent :angr: Jerrctmg ;OT meuuring) s L*erent raia, ana 
unng h r g u  cb-l to reduce no& effcEt. at the brcr c b ~ ~ c l .  
Evens detection in ib mat general sensa hrra tbe incerf.0~ 
between qditac irc ly  diaercnt of pixel 2oprLu0a. Tbe idea 
of event drrcction m mot to rmmrh mer w k ,  rad thus over d a m -  
ent pixel populuiaar by uuag a -ally c h o m  m n d w  s&. but 
l M k d  to detect r h m  the plxd pnpulatlon C h ~ p  and arod r a y  
i n k g r a t i a  u m  t b u  boundary. Umng this paradigm u. :Si. i l l: .  
and ;Is!; rbo i241, uung a 6nrk dement approrh.  cam fracture tb. 
surface at appropnrtc plum. 
Thb DQC mue h u a p a i d l y  frustrated dynunr rene mrrrcben 
IC baa been .born m r t h n u u c d y  t h u  ail SD mfwmumm 
https://ntrs.nasa.gov/search.jsp?R=19890017119 2020-03-20T02:09:48+00:00Z
(to a d e  futcr) u aRil.bk in the opticd l a  &Id. Attempt. 
to e the informati011 ham bcm f m i t l s  beuw CWCO the b a t  o b  
Mi Bar field. ate tao b d l y  corm@. Thompoo. e al., [?6! 
take the a p p d  that if pres& d u e  are w comprcrbk. then 
compute tbc qualitative i n f o d o n :  which segment u the oa lude r  
.ml which u the occluded. Jain [I41 h u  .bo obtained this infor- 
mation for diffenot .ON of L ~ ~ C I .  Both use only a crude. tbough 
computlbk. appmxiauLiou to optical b w .  Tbe 6nt u s a  ro a p  
proximuvM to the B o r  field called a dirpui ty  Beld requiring good 
featurn delcctioo rod correspondence algorithm. The second uma a 
more qualitative approximation, computing the time hirtory d pixel 
changes. But in r o y  c u  it is cku that useful r a u l u  are poubk.  
zvm from the ooisy d u a  a d a b l e ,  using and computing qualitative 
attributa rather than prrcise, bnttlc ones. 
2 Using models in computer vision 
There arc a number of remons for building or vuing a model in c o r n  
putcr virion. 
A model providcJ a sunpLfied r c p m n t a r i o a .  For example, the 
motion of a polnt may be  specified with initial state and state 
transition equations. thus it IS not necasuy LO store. for each 
point ID urn, the p i t i o n  of a point. 
At some, p c r h d p  1 0 1 .  leve;, the da t a  CUI be u r d  (0 be under- 
s t o o d  when there is a model wbKh 6ts them For example. a t  
a very low level when the  d u a  fit. e g , a strlught line. rhc line 
IS a &el for the data, and M a line IS understood. +o IS the 
underlying phenomenon giving r m  to the data Thm u Lkc 
number 1 above \t a higher level f w  rhc model which u a 
h e y =  m r - 6 . o n e c a n u y e g . m u v e b c i t y a n d b u a u t i n g  
p i t s o n  4t the  highest level. if the model UI a frame with slou. 
then :he Kcnerd practicc IS LO use a p n o n  default vdues for 
slots which are not Slled from the  da t a  Thus. a Imwd data 
Y C  mmch c a u v  a particular frame LO be instantiat-d. tr iggen 
a topdown use o i  the model in which more IS understood than 
can x Jerired n M :mmdtate sense irom the dam 
:f :be I a u  c m  jc  sad to S t  wrne model, then. k a w c  in 
general. eacn ,data point need not be rept around, :he inter- 
pretation proc- c a n  Se rndc more tolerant :o no- !n 
t h e  rrprocntatmn. data can be dowed to lie r i thtn a ran3c of 
v d u n .  ui signa - r~oise. where :he n o w  har some andenrood 
Jr  usurnca stacsticd propert in  
LVhen a n k e i  .I irariablc. :t c a n  play the ruk d a i ind of 
shcr: term mexory uhere the :ntegration of ,data. 3pccidly 
of rrrorFJi h a  :UI 3c .ncorpuratcd Thu property r m  ! i d  
:n 1 :n :heir ,cry rariy u o r k  in iynamK wene mairsu. :a a 
?r:micive isn : in  
There a Jumcer ;r representation t rcaniqun :'or m e k .  Frr- 
h p s  t he  most ;mpu ,u  s IO use frame, having sbu 18 .\ ;abcild 
':~-.e w:.: :as- i :r:--r ,f 'a5r:lt-i 'io- -5irh -an ?e 5:lCd r l t h  
numben.  a t t r i b u t e  , I  e. symboisi. v a r m b k o r  J u s  tu ather frames 
n e  procedures which nunipulate these  sbu. for exampic bow :he 
U s  r i t h  :abcl rdocttr reiates to dyn-d cquations ~ h ~ b  can prr- 
i ~ t  future p i t w n r  y e  h p u t  ,f :he mdcilrnd p m c a  The 
dynamica~ cquatioar are d c l l n g  :he motmn. Theme m s  of cd- 
:U~.UQDJ are not aa r u i i y  r c p r r x n v d  m Ir-. jmce thu won d 
i n a w W g e  u mre naturdly 3iven M procrdum. Interprvrrtwa a- 
vdvcr  inruntratmg the nade l  from .mong a zt or cornpecrror, l b a ~  
bar march the darr  .b event indicarcr rhre models. or perhap. 
miy puunrt.cn oi rhe modeu. & m g e  Conidence u a number ex- 
p m i n g  rwnc t ind d prubahhty :hat the d e l  ta C-t JI t h u  
the data mrrurcmcn t  J carrect. when chat .niormrcloo a rvdablr  
3 Purpose and use of chronologies 
Tbe very e u l i a t  worh io dynunic  sene  ~ a l p P  q u d  &he rep- 
r a n t d o 0  of mkitica .Id p a i b  over time. It i oot enough to 
give a impk initial state, becwse mot mntiona are not d a c r i b r b l e  
with simple dynunic  ~ U & M  (consider h i e r a  or non-rigd 
w~~oM). rod because they do not i n c o r p o r a  c h m g a  in motino 
d s c r i p t k .  md bet- other intereating temporal chuvterbtks 
are not included in a natural f&. Tbe euly works did not ketp 
chronologs. bkd. in j21 Cor cxunpk .  they kep8 a mudel d the 
urne (or one time iostant only, rod used thu (4 p d k t  the model far 
the next b. Thia implicitly incorporscs the iniurl state d c u i p  
tbo. Robot planning frequently requires the d e m p t n m  of r reral  
utiooa orer M extended period of time. T h e  are gtoerally i m p i d  
from the appro& d dcr r ib ing  the state d the  rad robot at 
Tsooua '3! d e  extensive usc of chronologies which were caeen- 
:idly timtordered paitions of poinu to choosc among hypotheaa 
for high krel motion descripcionr (e.8. upand.  sway). His system 
chce the best hypotheau by exunining the ti-wne of con& 
d e n c a  of the poasibk xhemm. "his example exmrpIi6a a major  
use of chroodogies: to disunbiguate locd motions into more global. 
longer fcrm mot100 descriptions. Other u s e  are to be able to predict 
future p ~ ~ c i o ~  and C I ~ C U I N ~ ~ ~ C ~ .  b identify interesting motions, 
and to laalixe evenu in the  ~ ~ I O M .  h addition to obtaining long 
term noboo descriptions. a history of events or  oi motions, or of 
relationships & ? m a  object p u t s ,  L uscful on its CUD, or for deriv- 
ing cther, even higher level descriptions. Tt xt  is. -ne may be a b k  
to d a c r i b e  acillatary motioo M such, rather ..am a a repeating 
vquence of pmtk-0 and vebuty. 
Ci~ronologws are not redly model, however, k a w  they nei- 
ther provide a simplified nprcsentatioo for t he  dam, aor do they 
provide undemanding. They pmvide a description. Chronclogia  
also provide a rcpracntation in which no& tolerance. occlusion and 
integration of uata in a temporal fashion can be s u p x t e d ,  especially 
under the control d tempordly dependent operatloo. 
e.cb time ktult  (for ul d v m c n i  uy of this ye '7:). 
4 Local Temporal Inferencing 
4.1 Introduction 
When values C M  SC tied to a number !:ne. they arc quur t i t a~ ivc .  
?ermi;trne Sounds on vdues. t h u  IS. mtrict ing them zo an Lpter- 
v a l  un :be number h e .  one CUI stdl do numencd operatioom oa 
them 3' S u r e  physio maerrthen use :be qu i i t auve  (symbolicl 
d a r i p r o n :  increasmg or decreasing. Time v a i u e  a~ obulned 
considering the 31311 of 2eriva:rra. aL0 M inrerrd. If the  sign Y 
porrtire. the ru iabk  v d u -  M mutar ins We aia UI the i n t e r v i r  
I -x1.0-) ,  [ O - . O * J .  (0 ' .  -s) u qualiturve v d u s .  .\nother sort d 
judi ta t ive value IS a rtloltrc statement. ?or exampie x IS faster thas 
y .  or  a is closer than b. Thu a r t  of reidtion constrws the value oi 
r. with respect to v !and V K C  versa). but .foes ~ I O G  :IC the value to 
:he number h e .  Hauc h a g r a m  sre a qrsphicd r t p m n t a t i a n  d e  
xribing such relative s ta ternmu when :he reistion ;mrides a p u t r a i  
xde r ing  The quaiitative examnie i n v u l v ~ n ~  partai order is different 
i rom the notions of state and of symb.:i. I t  u a romp-e. The 
-rdcrin: :u&itative example :s rL0 vore tobust -a nome - thouri  
w t  3 e c w  :he error lo*rancc d 4reuer 
There am other qualitative ~ ~ C I O M  Sctwctn u m b u t e s  r h i h  
u e  intcrvai in thcv nature. i e . rhKb have b-n and end point.. 
YilrJn 30 raJ .Cen 4 ;  have dcrcbped .c : ~ t c r r i - b d  kmpcrt' 
rereonin3 and Iabeiling systcm. Theu works. and :bar of others. are 
applicable (0 domans like ,tory mdenrmdm:. i w r e  there tend fo 
Sc f ixrd endpoints m the tcmpcral interyak Vere 3 h u  developed 
a system whrch wii l  generate p a r d e l  plans for actuer:ng g a l 3  with10 
:imc construnts  
4 3  
F a  the wort rcpoNd hum wo rLb to d.rrib. rb. relrtima unoag 
obm. witbout to object or rmc nndcb. mer a t e o d d  
hum mqucocr. la p u t i c u l u .  w w k h  the pr0g.m to prude the 
re&* dcprh. ~ o o g  ~d-. when computahk, and hi.coria d 
NdU tosurface rtlrrioor. 
The b for thi wart are t i d e d  li.rr d o c c l u d e r a c l u d e d  
p a k  .ad dirariolp dmDtioD in depa (toward nr away 
from m a ) .  [I41 4 i26] h a w  lbarn mtbo6 w h m b y  d u d e -  
ocduded relrrioo. may he obrriocd. No further data are requid .  
Snppac that d objatr M stationary (Le.. w in static m e  
ana lya ) .  The d- provded M t r ipla of the M: A occluda 3. In 
tenmddepth, z . t h u m c . r u . f o r . u ~ ~ a w i t h c h . n ~ i n d d c p r h t h a t  
-negligible with mpect to in teradre  depths, that .(A) < z(B).  
We uw the wWi00 A < 3. &dunion da ta  thp. p 1 . c ~  a partial 
odering on the depth of surf-; .ad for & Lena. m t i v i t y  
suffices to provide d computabk depth amrainu het- surface 
patches. Thu put id  ordering d o a  d chmp mer time. Thlu, br 
exunpk, given the da ta  .ct: A < E;  B < C; E < D. t d t i v i t y  
gives us that: A < C. A < D, and that thm i eo ordcnng in 
depth between C and D. Incoowr+ncies in d r u  and in dduc t ioaa  
ue trivially detected, though not trivially r e d d .  
When o b j c u  ue perrmttcd to move UI a p h e  pualL1 to the 
image plane :he ru!e for combining depth c o I w u n u  is qun traa- 
utrvity. If there is no change m depth. of object. then the relauve 
depths  will Jot change. 
If obiecu @re dlored to move m depth. rhea the depth order 
ob tuned  by a local occlusion  alp^ can no h 5 e r  be wed n a 
sorting critermn. ~ i t i v i t y  d o a  not hold =to the f u t u r  when 
depths change over Urn. An approvh  LO thu probkm LI to project 
depth c o m t r a n t a  between two object. mto the future. and then use 
t h m  derived construnu in transitive relations u :he time d inter- 
4.3 Velocity rules 
Co~trrint. on dormin and mer4 description 
at. 
There are four pnys ru ly  derived r u b  whlcb p v e  the pmJectron 
in& the future for the ,depth .xdermgs. U 
Slgri(et c 0 thee %tion D !orard  the omervcr on the u m p o r d  
interval l t . :  - 2 1 )  ?,.>r S i g n ~ v ~ , , . ~ ~ j  z 3 muon IS away from 
rhe observer on t h r  same intervd Sign(vj  1 there u no 
~iqnntficant .motion in <depth. The four r u i n  ue: 
Stotlon m depth Y v. 
r u i c l  ,al. 3 , a n d  Oandr,:,;.,(B) = O  ==. 
.41*L# J Yt,LI 
+**:-I r 3 1 . 2 1  
r d c 2  .+ 3 1 a n d i - t f . : - l , 4 ) -  ~ 7 a d ~ t l . - . ~ ~ B ) = ~ ~ ~  
-w'cJ .Il .. an4 ~ , ~ - 2 ~ , . 4 l  . J a n d  C , ~ - . ~ ~ ( B )  J 3 a
41- : I  ' ~I-.'.I 
r u d  . 4 1 %  . 3 1 a n d * : t l - L l ~ . 4 )  ...lancsl,;f(B) ',I-- 
.A, - :.[ . -% - .\.I 
T h e  rxea are ail c i p n a d  :n 
-I, I 3, and ~ ~ , - : ~ , . 4 )  : 7 and -tl-21t3\ * =  J 
T5rV ut --!err-d L> I 3-r : r a :  UI *.r ioct ly  w'r. For ,>&her motion. 
:here 3 no relative depth informarlon betwen 4 and B at LIITI~ 
f - 2 inconsutcncirs ue drtecrable in this rc~nc when cmflicung 
rrlUions am ~ e r i v ' c o  ;cyc:eS M JerrcrcuJ 
. C 1 - : 1  ' &I.,, 
d .4 +lid 3. that  a. :'or .4, -. 31 rnne c.i.4; - 0 o( c.t . t l )  i 3 
4.4 Temporally local infereocing 00 qualitative rela- 
t ions 
The data am occluaer-uccludee pun. and :he dwectmo d motm 
in Iepth , m u d  ar away from m r v e r )  From t b a  h a ,  OM 
CM derive mfr-t ;and behimdI rel.rmni for :he : r a n t  tune u m g  
:ranritivity d depth orderm& ~d for t he  !utun 'xsmg the vekxi ty  
rub-. The derivrtiolu for rb. h t u m  bdd under the vamptim that 
*e is 110 & M ~ C  in the dLrtinn d d-th &ty ( d t d e  h 
m & p w t a m t ) .  Hamr. we p n b  no& to ham to d d  6 t h  .ucb 
unstntctured. open-ended futuro. since th. d.t. U. k i n g  thh 
symtem at each t i w  step. m make the id- hro the future 
for 00. tinn step d y .  Thus, at t i m  4. we haw a r t  d depth 
ni.riocu +(b).  ha^ tb.r reiarioor w w rb. .rbcity Nb to 
derive, for the nmt time I t ,  a r t  d reI&ocs **(ti)- Thi. w( of 
ml.ri00.. ignoring t i n e  and IrbcL. rill be a rub& d the relrrioor 
u&,. R s u l l w h a t y r u l a u e d r b . m r t A < B u b p l t u r w c  
c0Cutrjat.m doci ty  d A  and B * A < E a t f i -  Tbm = n o  
point in applying the transitivity rule at thi  point, it rill wt d d  
MY n.1 M. boxparating the data  at time ti d dd  om^ ~ c 1  
.ppl*. trumitivity at thL point to obtain th aet +( t i ) .  md th aet 
nl.tww. Thi rill give r k  to the aet d reltioo. *.-(fl). Nor oae 
d m . L r i  i r u d y  to project into the future OD. tmr .Lcp @. 
S a  6-m 1 for alaput drb. d e r  doper&a the rektiaar. 
Thlu. thi  ry- incrcmcnrrily inarpomUm the h u i t  ba 
coma wailable. It  mrLa no attempt to predict W e r  inb the 
future  than ta the next time step. A ti- lLcp m dclined Y when 
the next d u u m  m adable.  It h u  no memory beyond 00. time *p. 
It is lord. temporally a p e d i n g .  More global temporal kn-kdp h 
kept elsewhere in the system - apeci&dy, in the ob- historia 
In the system there may be r v e r d  relations be- a gircn pair 
of r g m e n u .  That is, each relation h u  two aegmenu ~ a label. For 
the rgmeut p u r .  A and B. we m y  have, c.g- 
ada h b d  
A < 3 rule1 
c B data 
AS long M the da ta  ue consutent and correct. cba infermcea 
rill iteruively build a cotmatent p u t i d  order on the -menu which 
u M compkte u u posuble for these rulea at the currmt time. What 
happens when a datum b incorrect? In that c u e  rc wdl have M 
imcor.i.tcrt set of rchtmns. This incomutency m i g n d e d  by a cycle 
.n the graph. For example. s u p p m  we have the rehoa: .- < B : 
r d c l  for rhe graph m * ' i t ) .  We then mad the datum B c A. The 
~ r a p h  then C O ~ L L ~ M  h e  cycle A 4 B. 
Becauae we have labela on relations, we know what p v e  rise to the 
mconrutency. For the h e  exampie we know :ha&. JCCLUI there 
u a cycle, the d u u m  i3 A u wrong, or rk 4 e f  applicuionm 
WM wrong cr both. Conceivably. we could trace tbc cause d the 
;nconautency back further  LO the paat. For r h  above e x u n p k .  if 
the d e l  applicatmn & time t - I wa# wrong then e i t k  :he v (  A )  w u  
wrong. v( B) WM wrong. the relation A < B u tune I - 1 w u  wrong, 
?r any sukwt of : h a  three W.L wrong. For rhu one inconsutency 
.nvolvmg only cwo O ~ J ~ C U  md two rrlauons rr have ~ ~ d y  f i n e d  
u posubk  cuipr iu  four a t m b u t a  01 ~ I & O I U  going h imly one 
tune step. Indeed. rf we kept only a riightly more compIIc aud i t  w u l  
:he reiatlon A < 9 u tune t - I could be further trvied down. Thr 
g i v a  r u r  *a even more p a r b i E Q a  of the murce d :~~oo.utcncy 
even more remcciy IP >me 
We are not domg this !or a number of -..OM. The m a t  :m 
portant d : h a  m t h ~  m a dyn- wene u n d e d i n g  sydcm. 
one d o a  not have the resou- L o  tpend a br of (m .ad enagy 
io have r h  current (and future) inurprerrrmm DC c-t L ~ M  tbae 
d the p.d- Secondly. many culpriu u e  fingered fa e u h  l p c o ~ y  
'zncy. Ttu u a lor d orerncad and CME- k r u o i d  or d u d  
5-a  .Le L'G:=ALX :.x:e=:!y avulabk. For a thud =aaon, -!I+ 
:mn u p c u b l e  oniy IP rbe future when more dam u a d a b l e  - there 
s no raolctmn p o u b k  in :he p u t  (where the mcoarrtcncy -). 
Fourth u hat we rely 011 the f x t  :ha& there ue a :a JI d r u  Even 
though some ue wrong. mat  wd1 be nght; we do n a  r\ot to devote 
much effort LO mconsdency r m l u t m n  k u  we rryr e x p m t  that 
future d r u  wul set things nbt. There u one mprrror conrgu-  
d thu for Ibe unpiemenuuon. we do n o t  keep M exwowre audit 
rrul. We &I each ut with only the d e  t b u  m a t  rrmtly den ted  
< 
xso iV;n :  ;ut CondKt. data ue C0nt:nudy Ynvlng.  u d  it is better 
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: 12 a.L 
A C c: Fl 9.899 
991 
B < II: R 0 . m  
991 
B ( C: Rl 9.6 
B i C: 7C 9.6 
e6n 
D A: min 1.9 
D c: ic e.m 
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